BACKGROUND/OBJECTIVES: Body fatness and heart disease risk factors can differ considerably between ethnities for a given body mass index (BMI). Information is lacking on differences between various Caucasian populations within Europe. The aim was to investigate the differences in anthropometrics and risk factors between adults from Iceland, Spain and Ireland. SUBJECT/METHODS: This was a secondary analysis of the baseline data from the SEAFOODplus YOUNG intervention study, in which 324 subjects (20-40 years, BMI 27.5-32.5 kg/m 2 , from Iceland, Spain and Ireland) participated. Fasting glucose, insulin, blood lipids and body compossition were measured, insulin resistance was calculated using the homeostasis model assessment of insulin resistance. RESULTS: Although age and BMI did not differ between Spanish, Irish and Icelandic subjects, Irish subjects had significantly higher waist circumference (3.2 and 6.7 cm) and body fat percentage (4.4 and 2.0%) compared with Icelandic and Spanish participants, respectively. Irish participants had also more unfavorable cardio-metabolic risk factors compared with Spanish and Icelandic subjects. However, correction for waist attenuated the observed differences considerably, in particular for total cholesterol, lowdensity lipoprotein and triglycerides. CONCLUSIONS: Despite having near identical BMI and age, our results show that study participants from different populations within Europe differ considerably in cardio-metabolic risk factors, partly due to differences in body fat distribution.
INTRODUCTION
A large number of the world's population has become either overweight or obese. 1 The cause for the increase in obesity is associated with energy-dense diets in combination with sedentary lifestyles. Other factors that have been associated with excessive body weight are genetic, environmental and physiological determinants. 2 Studies have shown that people who are overweight or obese have a greater risk of developing hypertension, type 2 diabetes mellitus, metabolic syndrome and cardio-vascular diseases. 2, 3, 4 The body mass index (BMI) is frequently used to indicate whether a person is overweight (BMI 25-30 kg/m 2 ) or obese (BMI 430 kg/m 2 ). 5 However, some conditions, for example, metabolic syndrome, are particulary linked to visceral fat. Consequently, studies have shown that using the BMI alone may not suffice in evaluation of disease risk, and that it is neccesary also to use other anthropometric measurements, which take into account visceral fat, for example, waist circumference. 4, 5 When anthropometric variables are assessed in order to predict disease risk, it is neccecary to take into account a person's gender and ethnicity. Studies have shown that, for example, a high-waist circumference is a better predictor of diabetes risk in people from Asia than in Caucasians. Also, Asians have a higher cardio-metabolic risk at a lower BMI compared with Caucasians. 4, 6 Interestingly, body fatness can differ considerably between ethnities for a given BMI. Several studies have reported this in Asian, African and indigenous populations, often compared with Caucasians. [7] [8] [9] [10] [11] [12] [13] However, information is lacking on differences between, for example, various Caucasian populations within Europe.
The current study is a secondary analysis of the data from the SEAFOODplus YOUNG intervention study, which measured the effects of seafood consumption on weight loss in young adults. 14 Here we use the data with the aim to investigate the differences in anthropometrics and heart-disease risk factors between the participants from Iceland, Spain and Ireland.
METHODS

Subjects
A total of 324 overweight individuals (138 men and 186 women) were included in the SEAFOODplus YOUNG study (www.seafoodplus.org) through advertisements, 140 from Iceland, 120 from Spain and 64 from Ireland. All subjects were screened for inclusion and exclusion criteria. The inclusion criteria were BMI ranging from 27.5 to 32.5 kg/m 2 , age 20-40 years and waist circumference X94 cm and X80 cm for men and women, respectively. Exclusion criteria were weight change (± 3 kg) due to a weight loss diet within 3 months before the start of the study, use of supplements containing n-3 fatty acids, calcium or vitamin D during the last 3 months, allergy to fish, drug treatment of diabetes mellitus, hypertension or hyperlipidemia and pregnancy or lactation. Of the subjects 85.8% (n ¼ 278) completed the intervention. The study was approved by the National Bioethical Committee in Iceland (04-031), the Ethical Committee of the University of Navarra in Spain (24/2004 ) and the Clinical 1 Research Ethics Committee of the Cork University Hospital in Ireland. The study followed the Helsinki guidelines, and all participating subjects gave their written consent.0020.
Study design
This study was a randomized, controlled dietary intervention trial, which was conducted at the Landspitali-University Hospital in Reykjavik, Iceland, the University College of Cork, Ireland, and the University of Navarra in Pamplona, Spain, between April 2004 and November 2005. The intervention lasted for eight consecutive weeks, during which the subjects were instructed to follow an energy-restricted diet, 30% of the estimated energy expenditure given by Harris-Benedict equations, 15, 16 and physical activity level 17 (B600 (range, 473-718) kcal/d). All participants were randomly assigned to one of four groups, which varied by dietary protein source and amount of LC n-3 PUFA: (For more information on the intervention see Thorsdottir et al. 14 ) . A validated food frequency questionnaire evaluated the consumption of fish and fish oil over the previous 4 weeks and was completed by the participants at midpoint (4 weeks) and end point (8 weeks). It was asked whether the participants consumed the fish and capsules provided to them and did not consume any additional fish or fish oil capsules during the study period.
Anthropometric measurements
All anthropometric measurements (body weight, height, waist circumference) were done using standard procedures as outlined in a research protocol approved and used by all countries participating in the study. Body weight was measured in light underwear on a calibrated scale (SECA 708, Germany). The subjects' height was measured with a calibrated stadiometer. Body fat percent were assessed by bioelectrical impedance analysis (Bodystat 1500, Bodystat Ltd, Douglas, Isle of Man, UK). For the measurement of waist circumference subject stood erect with the abdomen relaxed, arms at the sides, feet together and with their weight equally divided over both legs. The lowest rib margin was first located. Then the iliac crest was palpated in the midaxillary line. A flexible tape was then applied horizontally midway between the lowest rib margin and the iliac crest, and tied firmly so that it stayed in position around the abdomen about the level of the umbilicus.
Physical activity
Information on leisure time physical activity during the last year was collected using a questionnaire, 18 based on the Compendium of Physical Activities 19 and the Paffenbarger's questionnaire. 20 Participants reported the number of hours a week they practiced each activity. Metabolic equivalents assigned to each activity were used to quantify the amount of leisure time physical activity.
Biochemical measurements
Participants were instructed to avoid strenuous exercise and alcohol consumption the day before the drawing of blood samples at baseline and end point, which were analyzed for fasting concentrations of blood glucose (mmol/l), insulin (mU/l) and plasma triacylglycerol (mmol/l). Insulin was measured with electrochemiluminescence immunoassay on a Modular Analytics E170 system from Roche Diagnostics (Manheim, Germany). Plasma triacylglycerol and glucose were analyzed using an enzymatic colorimetric assay and an automated analyzer (Hitachi 911; Roche Diagnostics).
Statistical analysis
The data were analyzed using IBM SPSS 20.0 (Chicago, IL, USA). Baseline data are described as mean ± s.d. w 2 test was used for categorical variables to test departure form the null hupothesis. Multiple linear regression was used to compare baseline measurements for waist circumference and fat percentage, between countries. As covariates we included in our adjusted models for age, gender, smoking, drinking and metabolic equivalents. Additional adjustment was also made for BMI in a seperate model.
To compare cardivascular risk factors, univariate and multivariate linear regression was used to compare baseline measurements between countries for: triglycerides, total cholesterol, low-density lipoprotein, high-density lipoprotein, glucose, insulin and homeostasis model assessment. Models were then adjusted for age, gender, smoking, drinking and metabolic equivalents. Finally, models additionally included the variable waist circumference. The results are shown as parameter estimates, where Iceland and Spain are compared with Ireland as a reference.Variances were checked using Levene's test of homogeneity, and residuals of the statistical models were checked for normality using the Kolmogorov-Smirnov test. Pr0.05 was regarded as statistically significant.
RESULTS
The participants' baseline values are given in Table 1 . Despite similar age and BMI of the participants from the three countries, the data indicate differences in body fatness and cardio-vascular risk factors betweeen the three countries. Linear regression analysis presented in Table 2 showed significantly higher waist circumference and fat percentage among Irish participants in comparison with Spanish and Icelandic subjects. Correction for covariates did not significantly change these differences. Linear regression analysis presented in Table 3 showed that Irish participants had more unfavorable cardio-metabolic risk factors than the Spanish and Icelandic subjects. Correction for age, gender, physical activity, smoking and alcohol did not change these differences, however correction for waist attenuated the 
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Abbreviations: CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA, homeostasis model assessment. Model 1: unadjusted model. Model 2: adjusted for age, gender, smoking, drinking and physical activity. Model 3: adjusted additionally for waist circumference.
observed differences considerably, in particular for total cholesterol, low-density lipoprotein and triglycerides. When waist circumference was replaced by body fat percent in the statistical models, it had a similar effect as adjustment factor, however, not quite as strong as waist circumference (results not shown).
DISCUSSION
In the present study we investigated baseline anthropometrics and cardio-vascular risk factors in Icelandic, Spanish and Irish young adults from the SEAFOODplus YOUNG intervention study. 14 The main results are that for a given BMI the participants from Ireland had higher body fat percent and waist circumference compared with participants from Spain and Iceland. This difference in body composition partly explains the worse cardiometabolic risk profile in Irish participants. The different relationship between body fat and BMI in different ethnic groups has been investigated previously, for example, in Asian populations, in subjects from New Zealand and the Pacific Islands, in Asians compared with Caucasians and in several ethnities from South Africa and New Zealand, [9] [10] [11] [12] [13] however, little information is available on population differences within Europe. In our study, the predicted differences in body fat percent for a given BMI were 3.2-6.7% and thus similar to differences reported, for example, for the same BMI, body fat percent for Pacific Island men were 4% lower and for Asian Indian men 7-8% higher both compared with Europeans. 11 This demonstrates considerable variation in body fatness when subject are recruited on the basis of BMI alone, despite all the participants were Caucasians and we expected the differences to be larger between ethnities than within ethnities. However, a greater difference was reported between Pacific and Asian Indian women, with an absolute difference in BMI being as high as 10 kg/m 2 for the same body fat percent. 11 As a consequence of differences observed between ethnic groups, it has been dicussed that BMI cutoff points for obesity need to be adapted for certain ethnities. 9, 21 Alternatively, it has been suggested to use waist circumference as a better predictor of disease risk than BMI within populations. 4, 22 In the study by Iwao et al. 13 Japanese subjects had smaller BMI and waist circumference but worse total and low-density lipoprotein-cholesterol levels compared with Caucasians. 13 In our study, Irish subjects had (or tended to have) higher blood lipids compared with Spanish or Icelandic subjects, but in contrast to the above study, increased waist circumference in the Irish subjects explained much of the unfavorable cardio-metabolic risk profile. It is known that increased visceral fat negatively affects metabolic profiles by releasing free fatty acids and adipokines and as a consequence it increases diabetes and heart disease risk. 2, 23 When waist circumference was replaced by body fat percent in the statistical models, it had a similar effect as adjustment factor, however, not quite as strong as waist circumference, which possibly can be explained by low validity of the bioelectrical impedance analysis measurements. 24 In course of this analysis, it it important to consider whether the differences observed are due to different genetic predisposition in the three countries, or are explained by differences in cultural diet and lifestyle habits among the subjects from the three countries that volunteered in the SEAFOODplus YOUNG study?
Subjects in all three countries were recruited through advertisements and the same inclusion/exclusion criteria were used. 14 Although no data on socioeconomic status was available, extensive data on dietary intake, alchohol consumption, smoking or physical activity were recorded in the study. We corrected for these variables in our models, but they did not explain the differences in body fatness or cardio-metabolic risk factors. We do not think that measurement error accounts for the observed differences, because the same measurement devices and questionnaires were used in all three countries adhering to the same measurement protocol. Futhermore, both bioelectrical impedance analysis and tape measures show basically the same results, for example, that Irish participants had higher bodyfat. Also, all blood variables were measured centrally.
Our results show that different populations within Europe may have different cardio-metabolic risk profile, partly due to differences in body fat distribution, despite having near identical BMI and similar age. Although we cannot rule out the possibility that the observed differences are due to non-representative samples from the three countries, such differences have to be considered in, for example, multicenter studies, because they can affect the outcomes in regard to weight loss and related metabolic factors. For future studies it may prove useful to include narrow waist circumference criteria along with a BMI cutoff when choosing participants, to minimize the effect of these differences.
Limitation
No data on socioeconomic status were available in this study. Most likely, socioeconomic status is related to health and disease by dietary intake,smoking, drinking and physical activity. 25 However, these data were available and when included in the statistical analyses, they did not explain the observed differences between Irish, Spanish and Icelandic participants. A further limitation of the study is that the samples are based on relatively few volunteers from each population that respond to advertisements and may thus not be representative of the entire populations.
CONCLUSION
In the present study we investigated baseline anthropometrics and cardio-vascular risk factors in Icelandic, Spanish and Irish participants from the SEAFOODplus YOUNG intervention study. The main results are that the participants from Ireland had higher body fat percent and waist circumference despite similar age and BMI. This difference in body composition partly explains the worse cardio-vascular risk profile in Irish compared with Icelandic and Spanish participants.
